Hainan Med T. Tul. 2013, Vol. 24, No. 14

BEEFNIRETAEUES 148

d0i:10.3969/j.i1ssn.1003-6350.2013.14.0871

EiEm R A KR TT R

VWK AN E

(PEXFHRBESRREED ERFA T, B Ho

(HZ]

570208)

a0 (SCD XA 2 R BRI , SRR A ILR &, AU BE R T EA RS

R Wik MR wG B RRH . SCUR K B0 AR B RN T 1 M2 hRERRERT , R A5 6 P2 S O RE
RSN . ITAEA , B BRI LTI DT T AR AL T A BOR B K R AR TT SCLER L 17 it R A s vk o

[4gim])

[FEHHEE] R744  [XHEERIRFEE] A

4 545110 (Spinal cord injury, SCI) i % S BUE ¥
PG 1 LA R EE s 3 DL AR 2 L RE R, 25
AR AR R Y E R 1 HATHFSEIAN ,
a5 A& R AR AL 5 PP 20 4R i K R
Ry B ST R IR B, S BUR A D e s ok Wk A2 A
Mo ST XL BB PR G S IR YT Tk
PR A IR , Sl SCLIRIRY A Sk 1 B v
W ARSCERE BRI 5 B B B AR SR TT 4R R
/I

1 BHRBRGHREER

H AT O A R Badk & P ER A LT 0 SCRRARGE ,
A ZHF TR B LU RIBIE , AN BE 42 1T Hb S B SCI (14555 B
AEFRAT RS AE 20 Z2FPAE X B (4 24k & A5 G HTL
1B, BFFEARRT L 22 10 7 T A LT LR, #4541
N EIR e A LI i MK 8 i ) 1 7

1.1 il A ZEa0 R i s 2R Ak i gl oA
S REREAR R B i AL 2 — . B RERG
S IS PR 25 | RS ) J PR A Ak 32 A4 < i L dake o
PR E R AU R R A5 . Sekhon 88 M 5E R &
RS fE U A, JC AR i RIS
g, AT 5 |k A2 FE AN Y 40 2 SR BE RS BE AR AL
Bao %"l Nagel S5 7E 52 kR & B - 40 I PR BEAE Bk
M A I FRE T 0 R B — N, MR
I PR, e S/ i A 25 6L . UG oA s 3 4
FEIUAE B A 05 /N K, 22 A I 4 3 07 3 o
Sy ERZK TR LA A I AR T B, (R A SZ SR E T R )
Jo1 300 T8 I A R AR R 2R M AR e 2 | SR
TR . R, AER O R0, B TR B AR
Fo g P A M SRR A S A L IV B8, o/ [
A ZEFELIN S | R 4k &30

1.2 e S RAENE SN, AR RAE S 2

EIRVE# 5k 7. E-mail:bb3855@yahoo.com.cn

BREA s 4 K M  AAS AR s B BT
[32EHS] 1003—6350(2013)14—2105—04

RZEH ST ) B TP A S ALE], (H B
PR B R IR 5 A 2H 2, Rossignol™ 412 18 18 1+ 45 il
AR SR AR [l S8 RE SO A T R T B B 18 2 1
B B, 75 W), SRAE Js o 23 in ok 240 e SR8 | BELAS: gl 28 A=
Ko WFRERYIZ 5 EHE 5 0 980T S 4 i 3 22
FEND Y IR RY o v i DI ER 3 1) o N e DN
JEANAE" . Anderson"7EXEL HAX I 22 RGN G R
i SN S 2 B, P 4 I B S A R B
DL, T BRALZUE F, 0 b 4 R 73800 JELAth 4 S5 441
FUINEE AR, 5 A TCREIR ; R , Bz A 2otk
A5 5 Bl RS A BRI, 430 T BB W 20 i, Tk
F14) G 240 LR/ DN S 4 L P s 2 A L R - A
SRR SIS e B N R (i (5 =01 w) | T Y v P N 17
A HEL T BT B AR, AL I 2 48 A
R R B BE 0T B Re R I 4
Popovich 55T Ay bk B4 A0 M AT B SRR R . e
AT A b AU R — R A AR AR
EXTA M HARYER. B2, SClE FiRARIAE
£ L iy 9 B 1 R P AR B B AR A AN e A 148 52 21 41
PIRICAL , BT LA, A ] 98 E S g %0 /b 4k % 0 4
e HE T REMK S BA S

1.3 A WMERBORMAE R A ISP (ROS)
AEPEZ(RNS) FOTE A2 SCIR i B A= B A2 v 2
— A H R A, Endres 4 iR 1 T ROS Al
RNS £ SCILH 5 | 55 dL , mid vk i35k A i 3t
(-OH)— HIE i, B -5 ZFP 4 i s o3 & A S i, B 5 5
WA b 2 AR IR , 1 — A AL (-NO)YYE i
BRI AES — AN EEWRET 57 #lid s o,
Yo A AN | A U W R S = i <O T U =
Nigam 5"k 304 4 i 52 % A= B i S8 Ak ), AT 5
PEZE RN i S PE RS i M (R AR Ak, A 32 40 il 5

- 2105 -



BEEZF2013E7THE 2455 141

Hainan Med J, Jul. 2013, Vol. 24, No. 14

SN Y A ES 185, Sullivan 25V AHRIE T 4R
RN T B A R BRCE , ANL25 15 [ B At
17, IR REIE L A R RETE R, VEF B S 25k s
WAL, e s — A EERR . —i s R A
HBERR T 5 RS ES P AUk, IR R S RS A i N A5 4R
ST 200 Y A B AR R A 4 A R SR R
R, St B RE 07 5 , I A RIS A 55 H i 2
Z AR, B0 12 Pl IR N R 3 41 246
i

1.4 MAFHAER PSSR SARE
HRHX 28 2R 9 T B ) A e 2o I, 64 Bt B
I FRAA I AE L B R S AR A R A2 AR R AR .
Xu ZEF5E & B SCL S 4L P8 T- ML I 25 F R 7 21
iR 3 /R N-H1 3L -D- R & %R Z /R (NMDARs) 5 4 2
BRZE A5, T TF R, BSOS N I N A5 5
TR AMIR , DT 5 200 i PR 55 28 -k o e T
R R AR S ], 7 AR AR A GRS, 5 1
AT MR, AEP RIS RS, M40
20 AN 58 i S AN R ThT ek KA TR 218, )
KR AR B, B A% JE B 1 4 8 o0
T b A B e A% S BEL

1.5 UM T s BEaE R AnE TR R
JEPEAAET ., B 5 IR s S I AE T
FEJFN R —Fh A 2 A P SRt T R s
Tl A AR, Guest FE3E 1 57 & BUA BB I3 )5 40
iR/ e e YN L B Tved 1) | AN e i) | AN iy
20 BN SR TR S TS A L, G /D 5 g I A4 i B 75 ) Hh B
AT EAEE SR 5 B A Z AR 8h T 40 i
T- o Hall 5548 I RE 85 J5 il 08 P2 58 5% 1 i JE A
SAREH TG FIEE D, 5 s oo A 24 S
ThREREAT . BT LA D AN T A IR BE RS B
1RYT SCLI L —Z M 11,

2 BERGHIETT

2.1 JARMEIRGIEE  HRER R G E
PR Y B2 50 i PR e (AR 2B 5 S 5L
BHAR, 0T 5 R ESEIUMAE R, 7 KRk
PRI . FARIGIT AN REAF IR 6 0 , i ReiE
1 P PR RS P, SR B G s il e A/ N )
JEFE

22 URRMEIGIIEE XTSRS IS R EE
A= BAR A R PR 259k i 4k e Pk 1 R AR B G
S EEN T, B L2 2 2A LT L
Fifr s O « Bz Jo [ st 28 i 28 0 U Rt R R )
WATRIRT T A BRI AR R _EARAT T af b iy 4k, I
- 2106 -

F2 SN FHAILE] < R K I A ARE SO, 9820 A FR BE A
MLAT A R IR, 32 = AN MBS i e e pERY . @
281711 B8 (Gangliosides) J&: — 28 7 M & R 1 B S 7Y
SR, S 2 AR B A5 R 5 D fe D 2 A
JAT- AR HE SCLRMATNREMIRE . BB AR Z IR
P A FEE BERLE PR BI R B PE A b 22
RGN R4t M2 RER B S e s o
5% 3 W] NMDA 2 IR 55057, 1 MK801 Fl gacyclidine
(GK11), 7R R0 1 sh P S 6 vh iR B2 28
PRI IIRE ™, AR A RRAE I R G ) 2 1
G311 NMDA SZ AR5 50 A BEAE T T 452 744
M= A2 mUER, X R T BRI FN . @
253 1 B ) < T - 1 P R R — R R
ZRFEHUA, 55 NMDA SZ 550 /E SR, i B
BN I — R AN A8 K A, IE 580 Rl i i
L /b AT . &R SCLE AR B AR, i 1
RG] DL S s R AR R B, R B
PEHEE E A1 -

23 FAEBE MEITTIETE A TR IE
AN TR BELAS 1 fh 283t 58 AR, 3% SEAN AT 300 (g B
FIEIRYT SCUIR R RERT . I Ak , 235y AR Uk
T RS AR S B BE A T A | e A RS A
T P 50 8D I B R AN s T AT L 2 T
REP, BT, WY R I A AL YR T B BRI 1
YERIALE] 24 . O Rt 2 o0, B AR a2 460 i
22N ; @534k k2 58 e Jo A M, A 2 P AR Bl 2R P
PRER ; Qo3I ZFpph 2 A K R A 2E P IR
TGN K RS AE AR A A K s @Rk 43 SR il P f
8%, Vaquero 5P HIRIE , B RE N L T4  ph T
SRR VRG24 A | PR 20 RN S5 HE 20 2 P 4
FEAE B4, b B ) e 0T An MY
;B Rz ANMUAT DA B A i A () A 22 4 i N
DGR ST A, 8 3 2o AR R YRR AR A DR RN AR
JL PRl D A A o P R g A R R o A o
23 T A5 A FH Ry BR 483 A 7 R AR 4 P A B i —
D RAFIIIRER

24 BEAIRIT EBEBU S PR IRME S = A
E RS 56, B A D7 : D= #2828 5%
K @ Jry ER 30 P A= 1 oA AE . B, i
Jii PRl 38 o 20 R A AT, M LR 3135 R 0 R D REK
52, B 20 B A A5 AN 5 5 T AE R R — L
2SR R B BRI TR RO S 0t , T AR g 4
RS A I 215 22 AR HER P BE R AR A A

241 AEBAERSMAERN T AR



Hainan Med T. Tul. 2013, Vol. 24, No. 14

BEESFNIETAEUN LS 148

WA E IR R T2 B RTIA T B BE i 07 5w ik
HIRYTHEE . Hurtado 55421 BDNF A1 D15 #BHA
PEUEFRAE /D PR e B S R T S R
HE 4 i f5 5 A i — i I VR A2 iz sh Sh e VR FH . B
5% 2 W B 28 T A i B AT K 5 FGF-2/EGF 5% #
NT-3/BDNF i ik i3 5 vl L S 2 A i /0 2 5 I 240 i
oAk BERSIE AN R A K i HAR G BBB PE43, AR
S A BRZE AR R AR B S b s . AR, AN
JITAE 1 A=K R R 40 B A5 T R B B (P
DAL H A 326 4360 48 K] R A% A A L3453 97 R 102 B
A . Bretzner 25 WMIF 5 U 52 i Y5 P i 28 A K IR 7
BDNF B4 WL 40 i AL A8, NEBA 182 4,
1R S 7 T N [ S < O E 7 TP N
FEALE IR A T E PG & B R Ah
SRt EL A E B I R

242 YRS TR ECE ZEH(ChABC) M
JRE SRR S0 AFAE TN L B R 3 R
Z W5(CSPGs) & — i IE 7 522 i 4l 28 B A= 3 ol R 7
XAl 5 0 A ELA TRIAE B, BRI AR B R T
(ChABC) /2 — 21 A1 L S P 22 f 1, BE R S M e SR
43 CSPGs (/)73 i R W55 (GAG) , Bt I SR, it
SRAEI X 0 A KPR UGE B AR . BEE X B
g Z TR ANISY , B BTRIR PR AR BIRT T R
G — T B A HE it . Vavrek ZEC 656 R 4 2K
25 I 40 B AT NSRS 200 LI 5 I FH A b A5 A A v
WL B h 2 (0 K R RS 19 T i RN sh oh Re A
I 2 2 3 . Karimi-Abdolrezaee £5 ™ W 1of 22 16 %
ChABC 1 22 4 g A A= 4 R — R 7 5 A 1055
7, 2 RS R % B I 4 v, /0 58 I 5 A4 i o Ak 3
o A BRI 5 P28 50 1 25 2 FI N 28 1Y) T PRI 2
TIREME AR S (1R 5 R = 25U o L H TR I 4
L A& A RIS TR K1 2% i (ChABC) VA T 0L 105 1
BT

243 JEPNARITY  FERYT A AR SN L DR i G
ARNEERAYT , BrE BaThi R 2, et B
R DR B e AARAINS R B AN, R i+ I AR 2L IR
BHE: 2 38 (R A0 IR DR A AR5 IX 3. H i R
TRIT I E A FER 2R DU 2248 K P NGF Uk
[ NTFs, REfE b FdE R onA K AAf fe, 9132
FeZ M c G . 5 FaRPIF RS ik b,
BRYAYT B R A E T 0T AR e ek H W
T FRERE T I0S0 07 , B A A7 B T R B A
TE—NA F) T 20 AR K R S UE 2 B [ B, Tk 3
A R A 2 P A RO H

244 AEEREBE  EERESHIGT . E

A A BTGB IR A 22 20 RS AR 55 Bl 1 I 2

[ i B RE A E A B RO TS M G s I Sh RE A A2 B

I . Fouad 25 I 5 55 I 240 it A W55 48 Ja 36 7

SCI, 45 5%l 58 19 A= A< S sk, e 3o 45 0 X ) il 58

Ko ] w2, A VR O R A KA A, 2

AR ARE A IX, J5 & 51 5 i 2 38 5 461 47 DX I

Guo SFCOREAR 28 T AL AN HEAN IR & RS, WL 3

S 55 ) ¥y 1) BBB - 43 FH L AR 3245 S B A% A Y

o AR S AT TR BRI, e IR

HE RYARE , (H H AT A B IRA B A Y e B AT 4

3 N £
A0 0 LA B AR 2 22 M LR 2R R/

AR, S EM AT R BR M E IR Tz M

P DR TS Rk fE A S el 2 P AR R RERAE

PRIXE . A BT 5E SCLE AR FABEAG £1 % P4 411 )

FAIN R W BEROR , e b 2B 2 . A

J7 SCLIN, ISt S 1 1 583k 97 T U R R, 2

WrB 2 )y 1o MR A BRI R AR 1L, B S B A A

A2 o RE A T I X A0 1 o A BRI 25 ol Ik

BIRTTRIBESE , FATTRERS e IR 7 SCTER 5 3 |

ARITT

& % Lk

[1] Bareyre FM. Neuronal repair and replacement in spinal cord injury
[J]. INeurol Sci, 2008, 265(1-2): 63-72.

[2] Maier IC, Schwab ME. Sprouting, regeneration and circuit
formation in the injured spinal cord: factors and activity [J]. Philos
Trans R Soc Lond B Biol Sci, 2006, 361(1473): 1611-1634.

[3] Baptiste DC, Fehlings MG. Update on the treatment of spinal cord
injury [J]. Prog Brain Res, 2007, 161: 217-233.

[4] Fehlings MG, Nguyen DH. Immunoglobulin G: a potential
treatment to attenuate neuroinflammation following spinal cord
injury [J]. Clin Immunol, 2010, 30(1): 109-112.

[5] Profyris C. Degenerative and regenerative mechanisms governing
spinal cord injury [J]. Neurobiol Dis, 2004, 15(3): 415-436.

[6] Sekhon LH, Fehlings MG. Epidemiology, demographics, and
pathophysiology of acute spinal cord injury [J]. Spine (Phila Pa
1976), 2001, 26(24): 2-12.

[7] Bao F, Dekaban GA, Weaver LC, et al. Anti-CD11d antibody
treatment reduces free radical formation and cell death in the
injured spinal cord of rats [J]. Neurochem, 2005, 94(5): 1361-1373.

[8] Nagel S,Su Y,Horstmann S,et al. Minocycline and hypothermia for
reperfusion injury after focal cerebral ischemia in the rat: effects on
BBB breakdown and MMP expression in the acute and subacute
phase [J]. Brain Res, 2008, 1188: 198-206.

[9] Rossignol S. Spinal cord injury: time to move? [J]. Neurosci, 2007,
27(44): 11782-11792.

- 2107 -



BEEZF2013E7THE 2455 141

Hainan Med J, Jul. 2013, Vol. 24, No. 14

[10] Bareyre FM, Schwab ME. Inflammation, degeneration and regenera-
tion in the injured spinal cord: insights from DNA microarrays [J].
Trends Neurosci, 2003, 26(10): 555-563.

[11] Anderson AJ. Mechanisms and pathways of inflammatory responses
in CNS trauma: spinal cord injury [J]. Spinal Cord Med, 2002, 25
(2): 70-79.

[12] Popovich PG, Jones TB. Manipulating neuroinflammatory reactions
in the injured spinal cord: back to basics [J]. Trends Pharmacol Sci,
2003, 24(1): 13-17.

[13] Xu W, Chi L, Xu R, et al. Increased production of reactive oxygen
species contributes to motor neuron death in a compression mouse
model of spinal cord injury [J]. Spinal Cord, 2005, 43(4): 204-213.

[14] Xiong Y, Rabchevsky AG, Hall ED. Role of peroxynitrite in second-
ary oxidative damage after spinal cord injury [J]. Neurochem, 2007,
100(3): 639-649.

[15] Endres M, Laufs U, Liao JK, et al. Targeting eNOS for stroke pro-
tection [J]. Trends Neurosci, 2004, 27(5): 283-289.

[16] Nigam S, Schewe T. Phospholipase A(2)s and lipid peroxidation [J].
Biochim Biophys Acta, 2000, 1488(1-2): 167-181.

[17] Sullivan PG, Krishnamurthy S, Patel SP, et al. Temporal character-
ization of mitochondrial bioenergetics after spinal cord injury [J].
Neurotrauma, 2007, 24(6): 991-999.

[18] Raff M. Cell suicide for beginners [J]. Nature, 1998, 396(6707):
119-122.

[19] Guest JD, Hiester ED, Bunge RP, et al. Demyelination and Schwann
cell responses adjacent to injury epicenter cavities following chron-
ic human spinal cord injury [J]. Exp Neurol, 2005, 192(2): 384-393.

[20] Hall ED, Traystman RJ. Role of animal studies in the design of clini-
cal trials [J]. Front Neurol Neurosci, 2009, 25: 10-33.

[21] Schwab JM, Brechtel K, Schwab JM, et al. Experimental strategies
to promote spinal cord regeneration--an integrative perspective [J].
Prog Neurobiol, 2006, 78(2): 91-116.

[22] Gaviria M, Privat A, d'Arbigny P, et al. Neuroprotective effects of a
novel NMDA antagonist, Gacyclidine, after experimental contusive
spinal cord injury in adult rats [J]. Brain Res, 2000, 874(2): 200-209.

[23] Gaviria M, Privat A, d'Arbigny P, et al. Neuroprotective effects of
gacyclidine after experimental photochemical spinal cord lesion in
adult rats: dose-window and time-window effects [J]. Neurotrauma,
2000, 17(1): 19-30.

[24] Wright KT, El Masri W, Osman A, et al. Concise review: Bone mar-
row for the treatment of spinal cord injury: mechanisms and clinical
applications [J]. Stem Cells, 2011, 29(2): 169-178.

[25] Lindvall O, Kokaia Z. Stem cells in human neurodegenerative disor-
ders--time for clinical translation? [J]. Clin Invest, 2010, 120(1): 29-40.

- 2108 -

[26] Nandoe Tewarie RS, Hurtado A, Bartels RH, et al. Stem cell-based
therapies for spinal cord injury [J]. Spinal Cord Med, 2009, 32(2):
105-114.

[27] Yoon SH, Shim YS, Park YH, el al. Complete spinal cord injury
treatment using autologous bone marrow cell transplantation and
bone marrow stimulation with granulocyte macrophage-colony stim-
ulating factor: Phase I/II clinical trial [J]. Stem Cells, 2007, 25(8):
2066-2073.

[28] De Bosscher K, Vanden Berghe W, Haegeman G. Mechanisms of an-
ti-inflammatory action and of immunosuppression by glucocorti-
coids: negative interference of activated glucocorticoid receptor
with transcription factors [J]. Neuroimmunol, 2000, 109(1): 16-22.

[29] Vaquero J, Zurita M. Bone marrow stromal cells for spinal cord re-
pair: a challenge for contemporary neurobiology [J]. Histol Histo-
pathol, 2009, 24(1): 107-116.

[30] Hurtado A, Moon LD, Maquet V, et al. Poly (D,L-lactic acid) macro-
porous guidance scaffolds seeded with Schwann cells genetically
modified to secrete a bi-functional neurotrophin implanted in the
completely transected adult rat thoracic spinal cord [J]. Biomateri-
als, 2006, 27(3): 430-442.

[31] Bonner JF, Blesch A, Neuhuber B, et al. Promoting directional axon
growth from neural progenitors grafted into the injured spinal cord
[J]. Neurosci Res, 2010, 88(6): 1182-1192.

[32] Karimi-Abdolrezaee S, Eftekharpour E,Wang J, et al. Synergistic ef-
fects of transplanted adult neural stem/progenitor cells, chondroitin-
ase, and growth factors promote functional repair and plasticity of
the chronically injured spinal cord [J]. Neurosci, 2010, 30(5):
1657-1676.

[33] Bretzner F, Liu J, Currie E, et al. Undesired effects of a combinatori-
al treatment for spinal cord injury--transplantation of olfactory en-
sheathing cells and BDNF infusion to the red nucleus [J]. Eur J Neu-
rosci, 2008, 28(9): 1795-1807.

[34] Fouad K, Schnell L, Bunge MB, et al. Combining Schwann cell
bridges and olfactory-ensheathing glia grafts with chondroitinase
promotes locomotor recovery after complete transection of the spi-
nal cord [J]. Neurosci, 2005, 25(5): 1169-1178.

[35] Vavrek R, Pearse DD, Fouad K. Neuronal populations capable of re-
generation following a combined treatment in rats with spinal cord
transaction [J]. Neurotrauma, 2007, 24(10): 1667-1673.

[36] Guo J, Zeng Y, Li H, et al. Cotransplant of neural stem cells and
NT-3 gene modified Schwann cells promote the recovery of tran-
sected spinal cord injury [J]. Spinal Cord, 2007, 45(1): 15-24.

(Wi H 4:2013-03-18)



